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(54) [Title of the Invention] 



Catalyst composition and curable composition 



(57) [Abstract] 



[Purpose] 



The purpose of the present invention is to produce a cationic polymerization 



catalyst with an absence of influence of residual acid without reducing curability and degrading 



properties of the cured cationic polymeric material and a curable resin composition containing 



the catalyst. 
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[Means of solution] Production of a curable resin composition is done with a photocationic 
polymerization initiator or thermocationic polymerization initiator, a compound insoluble or 
barely soluble in water or an organic compound that undergoes a neutralization reaction with the 
acid formed from the cationic polymerization initiator at the time of cationic polymerization after 
the curing reaction (for example, alkaline earth metal compounds such as calcium, magnesium, 
and strontium), and a cationic polymeric compound such as an epoxy composition or oxirane 
compound such as oxetane compound. 

[Claims of the invention] 

[Claim 1 ] A cationic polymerization catalyst composition characterized by the fact that the 
composition contains a cationic polymerization initiator and a compound capable of forming a 
water-insoluble or barely soluble compound upon entering into a neutralization reaction after 
forming the curing reaction with the acid generated from the cationic polymerization initiator at 
the time of cationic polymerization. 

[Claim 2] The cationic polymerization catalyst composition described in Claim 1 
characterized by the fact that the compound capable of forming a water-insoluble or barely 
soluble compound upon entering into a neutralization reaction after the curing reaction with the 
acid generated from the cationic polymerization initiator at the time of cationic polymerization is 
a water insoluble or barely soluble compound. 

[Claim 3] The cationic polymerization catalyst composition described in Claim 1 
characterized by the fact that the compound capable of forming a water-insoluble or barely 
soluble compound upon entering into a neutralization reaction after the curing reaction with the 
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acid generated from the cationic polymerization initiator at the time of cationic polymerization is 
an alkaline earth metal compound or a complex salt of an alkaline earth metal that forms a water- 
insoluble or barely soluble compound. 

[Claim 4] The cationic polymerization catalyst composition described in Claim 3 
characterized by the fact that the alkaline earth metal is at least one type selected from among the 
alkaline earth metals calcium, magnesium, and strontium. 

[Claim 5] The cationic polymerization catalyst composition described in one of Claims 1 

through 4 characterized by the fact that the cationic polymerization initiator is a thermocationic 

polymerization initiator or photocationic polymerization initiator. 

[Claim 6] The cationic polymerization catalyst composition described in Claim 5 

characterized by the fact that the cationic polymerization initiator is the sulfonium salt shown in 

general formula (I) below 

[Chemical formula 1] 

Ar— - S* r 2 



General formula I 

(Wherein, Ar is a phenyl group that may be substituted or a naphthyl group that may be 
substituted, Rl is an alkyl group of CI to C8 or a phenyl group that may be substituted, R2 is a 
phenyl group that may be substituted, naphthyl group that may be substituted, an alkyl group, 
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cyclo alkyl group, alkenyl group, or indanyl group that may be substituted, and X is a 
nonnucleophilic anionic residue.) and/or the iodonium salt shown in general formula (II) below 
[Chemical formula 2] 

Aii f Ar 2 

General formula II 

(Wherein, Arl and Ar2 are independently phenyl groups that may be substituted or naphthyl 
groups that may be substituted, and Y is a non-nucleophilic anionic residue.) 
[Claim 7] A curable resin composition characterized by the fact that the cationic 
polymerization catalyst composition and cationic polymeric compound described in one of 
Claims 1 through 6 are included. 

[Claim 8] The curable resin composition described in Claim 7 characterized by the fact that 
the cationic polymeric compound is an oxirane compound. 

[Claim 9] The curable resin composition described in Claim 8 characterized by the fact that 

the oxirane compound is an epoxy compound or an oxetane compound. 

[Claim 10] The curable resin composition described in one of Claims 7 through 9 

characterized by the fact that the curable resin composition further includes a radical polymeric 

compound. 

[Detailed description of the invention] 

[0001] 
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[Technical field of the invention] The present invention pertains to a cationic polymerization 
catalyst composition or a curable resin composition containing said composition, and the 
invention further pertains to a cationic polymerization catalyst composition formed from the 
cationic polymerization initiator at the time of cationic polymerization and capable of improving 
the effect of residual ions included in the cured material of the cationic polymeric compound and 
a curable resin composition containing said compound. The curable resin composition of the 
present invention is capable of curing in a short time upon application of heat or light, and the 
cured material exhibits excellent properties; furthermore, the effect of residual ions contained in 
the cured cationic polymeric material can be improved; thus, the composition can be used 
effectively for molding resins, injection resins, paints, adhesives, sealing agents, inks, etc. 
[0002] 

[Prior art] In the past, onium salts such as sulfonium salts, ammonium salts, and phosphonium 
salts, silanol-aluminum compounds, etc. have been known as thermocationic polymerization 
initiators, and the above-mentioned thermocationic polymerization initiators are disclosed in 
patent publications such as: 

Japanese Kokai [Unexamined] Patent Application No. Hei 1-96169, Japanese Kokai 
[Unexamined] Patent Application No. Hei 2-1470, Japanese Kokai [Unexamined] Patent 
Application No. Hei 2-255647, Japanese Kokai [Unexamined] Patent Application No. Hei 2- 
268173, Japanese Kokai [Unexamined] Patent Application No. Hei 3-1 1044, Japanese Kokai 
[Unexamined] Patent Application No. Hei 3-1 15262, Japanese Kokai [Unexamined] Patent 
Application No. Hei 4-1 177, Japanese Kokai [Unexamined] Patent Application No. Hei 4- 
327574, Japanese Kokai [Unexamined] Patent Application No. Hei 4-308563, Japanese Kokai 
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[Unexamined] Patent Application No. Hei 4-328106, Japanese Kokai [Unexamined] Patent 
Application No. Hei 5-132461, Japanese Kokai [Unexamined] Patent Application No. Hei 5- 
132462, Japanese Kokai [Unexamined] Patent Application No. Hei 5-140132, Japanese Kokai 
[Unexamined] Patent Application No. Hei 5-140209, Japanese Kokai [Unexamined] Patent 
Application No. Hei 5-140210, Japanese Kokai [Unexamined] Patent Application No. Hei 5- 
170737, Japanese Kokai [Unexamined] Patent Application No. Hei 5-230190, Japanese Kokai 
[Unexamined] Patent Application No. Hei 5-230189, Japanese Kokai [Unexamined] Patent 
Application No. Hei 6-271532, Japanese Kokai [Unexamined] Patent Application No. Hei 6- 
271544, Japanese Kokai [Unexamined] Patent Application No. Hei 6-321897, Japanese Kokai 
[Unexamined] Patent Application No. Hei 6-321195, Japanese Kokai [Unexamined] Patent 
Application No. Hei 6-345726, Japanese Kokai [Unexamined] Patent Application No. Hei 6- 
345733, Japanese Kokai [Unexamined] Patent Application No. Hei 6-814754, Japanese Kokai 
[Unexamined] Patent Application No. Hei 7-25852, Japanese Kokai [Unexamined] Patent 
Application No. Hei 7-25863, Japanese Kokai [Unexamined] Patent Application No. Hei 7- 
89909. 

[0003] Furthermore, for photocationic polymerization initiators, onium salts such as sulfonium 
salts, iodonium salts, ammonium salts and phosphonium salts are known, and these 
photocationic polymerization initiators are disclosed in patent publications such as Japanese 
Kokai [Unexamined] Patent Application No. Sho 50-151997, Japanese Kokai [Unexamined] 
Patent Application No. Sho 50-158680, Japanese Kokai [Unexamined] Patent Application No. 
Sho 50-151996 and Japanese Kokai [Unexamined] Patent Application No. Hei 2-178303, and are 
used as catalysts for curing of cationic polymeric compounds such as epoxy compound upon 
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application of radiations such as light, electron beam and X-ray beam. 
[0004] 

[Problems to be solved by the invention] In the curing system that utilizes a cationic 
polymerization catalyst, curing can be achieved in a short time, productivity is high, energy- 
savings and material-savings are possible and emission of carbon dioxide is reduced and that is 
desirable from the standpoint of environmental protection. However, a strong acid is used as the 
polymerization activator; thus, acid remains in the cured material. Furthermore, the majority of 
the acid undergoes decomposition and forms free hydrofluoric acid, thus, safety and corrosivity 
are important consideration. The easiest method to solve the above-mentioned problem is to use 
an alkaline compound in combination as a neutralizing agent for the acid, but curability is 
reduced significantly and elution of the neutralized salt occurs and properties of the cured 
material are adversely affected. 

[0005] It had been thought that production of a composition having adequate curing properties 
without problems based on the residual acid is not possible. The present invention is based on 
the above background, and the purpose of the present invention is to produce a cationic 
polymerization catalyst with an absence of effect from residual acid without reducing curability 
and degrading the properties of the cured cationic polymeric compound and curable resin 
composition containing the catalyst. 
[0006] 

[Means to solve the problem] As a result of much research carried out by present inventors, a 
cationic polymerization catalyst with an absence of influence from residual acid without reducing 
curability and degrading the properties of the cured cationic polymeric material can be produced 
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when a cationic polymerization catalyst composition containing a cationic polymerization 

initiator and a compound that after formation of the curing reaction provides neutralization of the 
acid of the cationic polymerization initiator generated at the time of cationic polymerization and 
the compound formed is a water-insoluble or barely soluble compound, that is, a compound that 
undergoes a neutralization reaction with the acid generated by the cationic polymerization 
initiator at the time of cationic polymerization, is used, and the present invention was 
accomplished. 

[0007] Thus, the present invention is a cationic polymerization catalyst composition 
characterized by the fact that the composition contains a cationic polymerization initiator and a 
compound capable of forming a water-insoluble or barely soluble compound that, after the curing 
reaction, enters into a neutralization reaction with the acid generated by the cationic 
polymerization initiator at the time of cationic polymerization (Claim 1), the cationic 
polymerization catalyst composition described in Claim 1 characterized by the fact that the 
compound capable of forming a water-insoluble or barely soluble compound upon entering into a 
neutralization reaction after the curing reaction with the acid generated from the cationic 
polymerization initiator at the time of the cationic polymerization is a water-insoluble or barely 
soluble compound (Claim 2), the cationic polymerization catalyst composition described in 
Claim 1 characterized by the fact that the compound capable of forming, after the curing reaction, 
a water-insoluble or barely soluble compound upon entering into a neutralization reaction with 
the acid material generated from the cationic polymerization initiator at the time of cationic 
polymerization which compound is an alkaline earth metal compound or a complex salt of an 
alkaline earth metal that is a water-insoluble or barely soluble compound (Claim 3), the cationic 
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polymerization catalyst composition described in Claim 3 characterized by the fact that the 
alkaline earth metal is at least one type selected from among the alkaline earth metals calcium, 
magnesium, and strontium (Claim 4), and the cationic polymerization catalyst composition 
described in one of Claims 1 through 4 characterized by the fact that the cationic polymerization 
initiator is a thermocationic polymerization initiator or photocationic polymerization initiator 
(Claim 5). 

[0008] Furthermore, the present invention is the cationic polymerization catalyst composition 
described in claim 5 characterized by the fact that the cationic polymerization initiator is the 
sulfonium salt shown in general formula (I) below 
[Chemical formula 3] 



Ar— S- 

X" 



General formula (I) 

(Wherein, Ar is a phenyl group that may be substituted or a naphthyl group that may be 
substituted, Rl is an alkyl group with CI through C8 or a phenyl group that may be substituted, 
R2 is a phenyl group that may be substituted, naphthyl group that may be substituted, an alkyl 
group, cyclo alkyl group, alkenyl group, or indanyl group that may be substituted, and X is a non- 
nucleophilic anionic residue.) and/or the iodonium salt shown in general formula (II) below 
[Chemical formula 4] 
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Ar, r Ar 2 

Y" 

General formula (H) 

(Wherein, Arl and Ar2 are independently a phenyl group that may be substituted or a naphthyl 
group that may be substituted, and Y is a non-nucleophilic anionic residue.) (Claim 6). 
[0009] Furthermore, the present invention is a curable resin composition characterized by the 
fact that the cationic polymerization catalyst composition and cationic polymeric compound 
described in one of Claims 1-6 is included (Claim 7), the curable resin composition described in 
Claim 7 characterized by the fact that the cationic polymeric compound is an oxirane compound 
(Claim 8), the curable resin composition described in Claim 8 characterized by the fact that the 
oxirane compound is an epoxy compound or oxetane compound (Claim 9), and the curable resin 
composition described in one of Claims 7 through 9 characterized by the fact that the curable 
resin composition further includes a radical polymeric compound (Claim 10). 
[0010] 

[Embodiment of the invention] For the cationic polymerization initiator used in the present 
invention, onium salts such as sulfonium salts, iodonium salts, ammonium salts, and 
phosphonium salts can be mentioned, and among those listed above, sulfonium salts and 
iodonium salts are especially desirable, and the sulfonium salts and iodonium salts shown in the 
following general formula (I) and general formula (II) are especially desirable. 
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[0011] 

[Chemical formula 5] 

t 

Ar — S- r 2 

X" 

General formula (I) 

[0012] 

[Chemical formula 6] 

Afi 1 + Ar 2 

General formula (II) 

[0013] In general formula (I), Ar is a phenyl group that may be substituted or a naphthyl group 
that may be substituted. For specific examples of substituents, alkyl groups such as methyl 
group, ethyl group, propyl group, isopropyl group, butyl group, isobutyl group, t-butyl group, 
pentyl group and hexyl group, alkoxy groups such as methoxy group, ethoxy group, propyl 
group, buthoxy group, hexyloxy group, decyloxy group, and dodecyloxy group, carbonyl groups 
such as acetoxy group, propionyloxy group, decyl carbonyloxy group, dodecyl carbonyloxy 
group, methoxy carbonyloxy group, ethoxy carbonyloxy group, and benzoyloxy carbonyloxy 
group, phenyl thio group, halogens such as fluorine, chlorine, bromine, and iodine, cyano group, 
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nitro group, and hydroxy group, etc. can be mentioned. Furthermore, the position of the 
substituent is not especially limited. 

[0014] Rl is an alkyl group of CI to C8 or a phenyl group that may be substituted. For specific 
examples of alkyl group with CI to C8, methyl group, ethyl group, propyl group, isopropyl 
group, butyl group, isobutyl group, pentyl group, hexyl group, etc. can be mentioned. 
Furthermore, for substituents of phenyl groups that may be substituted, alkyl groups such as 
methyl group, ethyl group, propyl group, isopropyl group, butyl group, isobutyl group, t-butyl 
group, pentyl group and hexyl group, alkoxy groups such as methoxy group, ethoxy group, 
propyl group, buthoxy group, hexyloxy group, decyloxy group, and dodecyloxy group, carbonyl 
groups such as acetoxy group, propionyloxy group, decyl carbonyloxy group, dodecyl 
carbonyloxy group, methoxy carbonyloxy group, ethoxy carbonyloxy group, and benzoyloxy 
carbonyloxy group, phenyl thio group, halogen atoms such as fluorine, chlorine, bromine, and 
iodine, cyano group, nitro group, and hydroxy group, etc. can be mentioned. Furthermore, the 
position of substituent is not especially limited. 

[0015] R2 is a phenyl group that may be substituted, naphthyl group that may be substituted, 
alkyl group, cyclo alkyl group, alkenyl group, or indanyl group that may be substituted. In 
specific terms, phenyl group or naphthyl group in which the position of substituent is not 
especially limited, for example, an alkyl group such as methyl group, ethyl group, propyl group, 
isopropyl group, butyl group, isobutyl group, t-butyl group, pentyl group and hexyl group, alkoxy 
groups such as methoxy group, ethoxy group, propyl group, buthoxy group, hexyloxy group, 
decyloxy group, and dodecyloxy group, carbonyl groups such as acetoxy group, propionyloxy 
group, decyl carbonyloxy group, dodecyl carbonyloxy group, methoxy carbonyloxy group, 
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ethoxy carbonyloxy group, and benzoyloxy carbonyloxy group, phenyl thio group, halogen atoms 
such as fluorine, chlorine, bromine, and iodine, cyano group, nitro group, and hydroxy group, 
etc., alkyl group that may be substituted with alkoxy groups such as methoxy group, ethoxy 
group, propyl group, buthoxy group, hexyloxy group, decyloxy group, and dodecyloxy group, 
carbonyl groups such as acetoxy group, propionyloxy group, decyl carbonyloxy group, dodecyl 
carbonyloxy group, methoxy carbonyloxy group, ethoxy carbonyloxy group, and benzoyloxy 
carbonyloxy group, phenyl thio group, halogen atoms such as fluorine, chlorine, bromine, and 
iodine, cyano group, nitro group, and hydroxy group in which the position of the substituent is 
not especially limited; furthermore, bicyclo alkyl groups such as cyclohexanyl group, 
cyclohexanonyl group, cyclopentyl group, 1-acenaphthenyl group, bicyclononyl group, norbonyl 
group, coumarinyl group, dihydrobenzofranyl group and camphor group, alkenyl group, 1- 
indanyl group, 2-indanyl group, etc. can be mentioned. 

[0016] X is a nonnucleophilic anionic residue, and in specific terms, B(C6F5)4, SbF6, AsF6, 
PF6, BF4, etc. can be mentioned. 

[0017] In general formula (D), Arl and Ar2 are each independently a phenyl group that may be 
substituted or a naphthyl group that may be substituted. For specific examples, alkyl groups such 
as methyl group, ethyl group, propyl group, isopropyl group, butyl group, isobutyl group, t-butyl 
group, pentyl group and hexyl group, alkoxy groups such as methoxy group, ethoxy group, 
propyl group, buthoxy group, hexyloxy group, decyloxy group, and dodecyloxy group, carbonyl 
groups such as acetoxy group, propionyloxy group, decyl carbonyloxy group, dodecyl 
carbonyloxy group, methoxy carbonyloxy group, ethoxy carbonyloxy group, and benzoyloxy 
carbonyloxy group, phenyl thio group, halogen atoms such as fluorine, chlorine, bromine, and 
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iodine, cyano group, nitro group, and hydroxy group, etc. can be mentioned. Furthermore, the 
position of substituent is not especially limited. 

[0018] Y is a nonnucleophilic anionic residue, and in specific terms, B(C6F5)4, SbF6, AsF6, 
PF6, BF4, etc. can be mentioned. 

[0019] Furthermore, for the acid material generated from the above-mentioned cationic 
polymerization initiator at the time of cationic polymerization, in specific terms, HPF6, HBF4, 
HSbF6, etc. can be mentioned;, and furthermore, the decomposition of these, HF, etc. can be 
mentioned. 

[0020] For the compound that undergoes a neutralization reaction with the acid material 
generated from the cationic polymerization initiator at the time of cationic polymerization after 
the curing reaction and formed a water insoluble or barely soluble compound (hereinafter 
referred to as "neutralizing agent"), it is not especially limited as long as the compound 
undergoes a reaction with the acid material generated from the cationic polymerization initiator 
at the time of cationic polymerization after the curing reaction and is a compound in which the 
compound produced as a result of the reaction with the acid material becomes a water insoluble 
or barely soluble compound, and a water insoluble or barely soluble neutralizing agent is further 
desirable. In this case, the water insoluble or barely soluble compound means a compound 
having solubility with water (g number of the solute capable of undergoing dissolving in 100 g of 
water at room temperature) of 1 .0 g or below, preferably, 0. 1 g or below. 
[0021] For the neutralizing agent, oxides of alkaline earth metals, alkaline earth metal such as 
weak acid salt of alkaline earth metal, for example, carbonic acid and carboxylic acid, namely, 
magnesium compound, calcium compound, strontium compound, and complex salts of these 
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alkaline earth metal compounds can be mentioned. 

[0022] Furthermore, among the above-mentioned alkaline earth metal compounds and complex 
salts thereof, those having a low solubility with water are used. Furthermore, the smaller the 
particle diameter of the alkaline earth metal compounds or complex salt thereof used, the more 
effectively it is and the transparency of the cured material can be further increased. Furthermore, 
in order to further increase the solubility of the alkaline earth metal compound or complex salt 
thereof with the resin, coupling treatment can be performed to a degree that does not interfere 
with the performance and curability. 

[0023] For specific examples of neutralizing agents, compounds listed below can be mentioned. 
For magnesium compound, magnesium hydroxide, magnesium oxide, magnesium carbonate, 
magnesium citrate, hydrogen magnesium citrate, magnesium silicate, magnesium phosphate, 
magnesium hydrogen phosphate, magnesium gluconate, magnesium phenoxy acetate, magnesium 
acetyl acetate, magnesium 2-ethyl butyrate, magnesium-4-nitrobenzyl malonate, etc. can be 
mentioned. 

[0024] Furthermore, for calcium compounds, calcium hydroxide, calcium oxide, calcium 
carbonate, calcium citrate, calcium ascorbate, calcium silicate, calcium phosphate, calcium 
hydrogen phosphate, calcium magnesium silicate, calcium titanate, calcium tungstate, calcium 
molybdate, calcium oxide, calcium acetate, calcium benzoate, calcium propionate, calcium 
lactate, calcium thioglycolate, calcium alginate, calcium sodium alginate, calcium gluconate, 
calcium hopantenate, phytin, calcium oxalate, calcium pantotate, calcium glycerophosphate, 
polycalcium methacrylate, calcium lactopionate, calcium acetyl acetate, calcium mesotartrate, 
calcium mesoxalate, calcium-3-methyl-2-oxobutylate, calcium 4-methyl-2-oxovarate, calcium 
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phenyl pyruvanate, cellulose hydroxy apatite, calcium sorbate, etc. can be mentioned. 

[0025] Furthermore, for strontium compounds, strontium carbonate, strontium titanate, strontium 
acetate, strontium oxalate, strontium hydroxide, strontium oxide, strontium peroxide, etc. can be 
mentioned. 

[0026] For additional compounds having effect similar to those above-mentioned alkaline earth 
metal compounds or complex salts thereof, compounds such as nickel, lead, aluminum, gallium, 
indium, yttrium, lanthanum, cerium, samarium, erbium, manganese (II), vanadium (III), 
molybdenum (HI), iron (HI) and bismuth (HI) can be mentioned, and the above-mentioned 
compounds can be used in combined with the above-mentioned alkaline earth metal compounds. 
Furthermore, ordinary ion trapping agents (for example, Iguze of Toa Gosei Co., Ltd.) can be 
used in combination. 

[0027] The cationic polymeric compound used in the curable resin composition of the present 
invention is not especially limited as long as monomers, oligomers or polymers having a known 
cationic polymeric compounds, and for example, those listed below can be mentioned, and epoxy 
compound or oxirane compound such as oxetane compound is further desirable. 
[0028] (a) For vinyl compound, styrene compounds such as styrene, a-methyl styrene, p- 
methoxy styrene, and p-t-buthoxy styrene, alkyl vinyl ether compounds such as methyl vinyl 
ether, n-butyl vinyl ether, ethyl vinyl ether, isobutyl ether, cyclohexyl vinyl ether, 2-chloroethyl 
vinyl ether, 2-phenoxy ethyl vinyl ether, 2-hydroxy ethyl vinyl ether, 4-hydroxy butyl vinyl ether, 
stearyl vinyl ether, and 2-acetoxy ethyl vinyl ether, alkenyl vinyl ether compounds such as allyl 
vinyl ether, 2-methacryloyloxy ethyl vinyl ether and 2-acryloyloxy ethyl vinyl ether, aryl vinyl 
ether compounds such as phenyl vinyl ether, and p-methoxy phenyl vinyl ether, cationic 
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polymeric nitrogen-containing compounds such as N-vinyl carbazole, and N-vinyl pyrrolidone, 
polyfunctional vinyl compounds such as butane diol divinyl ether, triethylene glycol divinyl 
ether, cyclohexane diol divinyl ether, 1,4-benzene dimethanol divinyl ether, hydroquinone 
divinyl ether, and resorcinol vivinyl ether, etc. can be mentioned. 

[0029] (b) For exposed compounds, monofunctional monomers such as phenyl glycidyl ether, p- 
tert-butyl phenyl glycidyl ether, butyl glycidyl ether, 2-ethyl hexyl glycidyl ether, allyl glycidyl 
ether, 1,2-butylene oxide, 1,3-butadiene monoxide, 1,2-dodecylene oxide, epichlorohidrin, 1,2- 
epoxy decane, ethylene oxide, propylene oxide, styrene oxide, cyclohexene oxide, 3- 
methacryloyloxy methyl cyclohexene oxide, 3-acryloyloxy methyl cyclohexene oxide, and 3- 
vinyl cyclohexene oxide, polyfunctional epoxy compounds such as 1,1,3-tetradecadiene dioxide, 
limonene dioxide, 3,4-epoxy cyclohexyl methyl-(3,4-epoxy cyclohexyl) carboxylate, di(3,4- 
epoxy cyclohexyl)adipate, bisphenol A type epoxy resin, bisphenol F type epoxy resin, o-, m-, p- 
cresol novolak type epoxy resin, phenol novolak type epoxy resin, and poly glycidyl ether of 
polyhydric alcohol can be mentioned. 

[0030] (c) For bicyclo orthoester compounds, compounds such as l-phenyl-4-ethyl-2,6,7- 
trioxabicyclo[2,2,2]octane and l-ethyl-4-hydroxy methyl-2,6,7-trioxabicyclo[2,2,2]octane can be 
mentioned. [003 1] (d) For spiro ortho carbonate compounds, compounds such as 1,5,7,1 1- 
tetraoxaspiro[5,5]undecane, 3,9-dibenzyl-l,5,7,l l-tetraoxaspiro[5,5]undecane, 1,4,6- 
trioxaspiro[4,4]nonane, 2-methyl-l,4,6-trioxaspiro[4,4]nonane, and 1,4,6-trioxaspiro [4,5] -decane 
can be mentioned. 

[0032] (e) For oxetane compound, compounds such as 3, 3 -dimethyl oxetane, 3,3- 
bis(chloromethyl)oxetane, 2-hydroxy methyl oxetane, 3 -methyl-3 -oxetane methanol, 3-methyl-3- 
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methoxy methyl oxetane, 3-ethyl-3-phenoxy methyl oxetane, resorcinol bis(3-methyl-3-oxetanyl 

ethyl) ether, and m-xylylene bis(3-ethyl-3-oxetanyl ethyl ethyl ether) can be mentioned. 
Furthermore, one type, or two or more different types of the above-mentioned compounds can be 
mixed and used in combination. 

[0033] The mixing ratio of the cationic polymerization initiator, neutralizing agent, and cationic 
polymeric compound included in the curable resin composition of the present invention is not 
especially limited, and the mixing ratio of the cationic polymerization initiator and cationic 
polymeric compound is 0.01 to 20 parts by weight, preferably, 0.1 to 10 parts by weight, of 
cationic polymerization initiator for 100 parts by weight of the cationic polymeric compound is 
suitable. When the mixing ratio of the cationic polymerization initiator is inadequate, curability 
of the cationic polymeric compound becomes inadequate, and when the mixing ratio is too much, 
properties of the cured material become inferior. Furthermore, the mixing ratio of the 
neutralizing agent and cationic polymeric compound is not especially limited, and in general, 0.1 
to 50 parts by weight, preferably, 0.5 to 20 parts by weight, of neutralizing agent is used for 100 
parts by weight of the cationic polymeric compound. Furthermore, known additives commonly 
used for curable resin compositions can be further included in the curable resin composition of 
the present invention. 

[0034] When a thermocationic polymerization initiator is used as a cationic polymerization 
initiator of the cationic polymerization catalyst composition of the present invention, curing of 
the curable resin composition can be achieved by heat. The curing temperature depends on the 
thermocationic polymerization initiator used and in general, the temperature is in the range of 
ambient temperature to 230°C, and in the range of 70°C to 180°C is especially desirable. 
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[0035] Furthermore, when a photocationic polymerization initiator is used as a cationic 
polymerization initiator in the cationic polymerization catalyst composition of the present 
invention, curing can be carried out for the curable resin composition by radiation, as well. For 
the light source used in this case, a low-pressure mercury lamp, medium-pressure mercury lamp, 
high-pressure mercury lamp, super high-pressure mercury lamp, metal halide lamp, xenon lamp, 
carbon arc lamp, etc. can be used. Furthermore, a beam from a laser such as a semiconductor 
laser, argon laser and He-Cd laser, electron beams such as a-beam, (3 -beam, gamma-beam, 
neutron beam, and accelerated electron beam can be used, as well. Furthermore, when an 
appropriate sensitizer such as thioxanthone is used, the photocurability can be increased further. 
[0036] In order to control properties of the cured material made of the curable resin composition 
of the present invention or curability of the material, a radical polymeric compound may be 
added. The radical polymeric compound used in this case is not especially limited and radical 
polymeric monomers, oligomers and polymers can be used, and an unsaturated ester compounds 
are further desirable in this case, and for examples of radical polymeric monomers, 
monofunctional or polyfunctional acrylate or methacrylate monomers can be mentioned. For 
examples of radical polymeric oligomers, epoxy acrylate, epoxy methacrylate, polyester acrylate, 
polyester methacrylate, polyether acrylate, polyether methacrylate, polyurethane acrylate, 
polyurethane methacrylate, polybutadiene acrylate, polybutadiene methacrylate, etc. can be 
mentioned. For examples of radical polymeric polymers, each acrylate and methacrylate of 
polyester, polybutadiene, polyether, urethane, epoxy, unsaturated polyester, etc., can be 
mentioned. Furthermore, as a radical polymeric reactive diluent, acrylate monomers such as 
acrylic acid, and ethyl acrylate, methacrylate monomers such as methacrylic acid, and methyl 
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acrylate, styrene, etc. can be mentioned. 



[0037] 



[Application Examples] In the following, the present invention is further explained with 
application examples, but the technological range of the present invention is not limited to the 
application examples below. Furthermore, in the application examples shown below, alicyclic 
epoxy compound, "UVR-61 10", of UCC Co., Ltd., and bisphenol A type epoxy compound, 
"KRM-2410", of Asahi Denka Co., Ltd., were used as cationic polymeric compounds, and a 
photocationic polymerization initiator, "UVI-6990" of UCC Co., Ltd. was used as a 
photocationic polymerization initiator, and the compound shown in the following general 
formula (HI) was used as a thermocationic polymerization initiator. Furthermore, for the alkaline 
earth metal chloride used as the neutralizing compound, a compound purchased as a reagent was 
used and for magnesium oxide, a compound with a particle diameter of 0.05 (im was used and for 
strontium carbonate, a compound with a particle diameter of 10 \im was used. 
[0038] 

[Chemical formula 7] 



General formula (IH) 
[0039] Application Example 1 

For 100 parts by weight of a cationic polymeric compound, "UVR-61 00", 4 parts by weight of 
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photocationic polymerization initiator M UVI-6990" and [sic] of calcium carbonate, as a 
neutralizing agent, were added and kneading was performed by triple roll. A measurement was 
performed for the reduction rate of the absorption of epoxy in the above-mentioned mixture at 
790 cm* 1 by a mercury lamp with illumination of 495 mw/cm 2 using a FT-IR (MAGNA760) of 
Nicolet Co., Ltd. in real time. The results obtained (reactivity after UV irradiation) is shown in 
Table I below. As shown in Table I, reduction in the photocurability as a result of mixing of 
calcium carbonate was not observed. 
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[0040] 

[Table I] 



Amount calcium 
carbonate added 


Reactivity after 2 seconds 


Reactivity after 10 seconds 


Reactivity after 30 seconds 


None 


30.7% 


48.0% 


58.7% 


1 parts by weight 


30.4% 


47.4% 


58.2% 


2 parts by weight 


30.4% 


48.1% 


58.9% 


5 parts by weight 


30.7% 


49.0% 


59.2% 


10 parts by weight 


31.1% 


48.5% 


58.5% 



[0041] Application Example 2 

For 100 parts by weight of a cationic polymeric compound, "UVR-6100", 4 parts by weight of 
photocationic polymerization initiator "UVI-6990", 2 parts by weight of magnesium carbonate, 
magnesium oxide or calcium carbonate, as a neutralizing agent, were added and kneading was 
done by triple roll. Measurements were made of the reduction rate of the absorption of epoxy in 
the above-mentioned mixture at 790 cm" 1 by a mercury lamp with illumination of 20 mw/cm 2 
using a FT-IR (MAGNA760) of Nicolet Co., Ltd. in real time. The results obtained (reactivity 
after UV irradiation) is shown in Table II below. As shown in Table H, a reduction in 
photocurability as a result of mixing of each neutralizing agent was not observed. 
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[0042] 

[Table II] 



Alkaline earth metal 
compound 


Reactivity after 2 seconds 


Reactivity after 10 
seconds 


Reactivity after 30 seconds 


None 


27.1% 


46.4% 


55.9% 


Magnesium carbonate 


26.3% 


45.7% 


55.2% 


Magnesium oxide 


26.7% 


44.9% 


55.6% 


Strontium carbonate 


26.7% 


47.0% 


56.9% 



[0043] Application Example 3 

For 100 parts by weight of a cationic polymeric compound, "UVR-6100", a photocationic 
polymerization initiator, "UVI-6990", and 2 parts by weight of calcium sodium alginate, calcium 
thioglycolate, calcium pantothenate or magnesium hydroxide [sic] as a neutralizing agent, were 
added and kneading was done by a triple roll. Measurement of the reduction rate of the 
absorption of the epoxy in the above-mentioned mixture at 495 cm" 1 by a mercury lamp with 
illumination of 20 raw/cm 2 using a FT-IR (MAGNA760) of Nicolet Co., Ltd. was done in real 
time. The results obtained (reactivity after UV irradiation) is shown in Table m below. As 
shown in Table IH, a reduction in photocurability as a result of mixing of each neutralizing agent 
was not observed. 
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[0044] 

[Table III] 



Alkaline earth metal 
compound 


Reactivity after 2 seconds 


Reactivity after 10 
seconds 


Reactivity after 30 seconds 


None 


25.1% 


42.7% 


50.0% 


Calcium sodium alginate 


24.8% 


41.9% 


49.1% 


Calcium thioglycolate 


24.7% 


41.9% 


48.6% 


Calcium pantothenate 


24.6% 


42.1% 


48.2% 


Magnesium hydroxide 


24.4% 


42.6% 


49.9% 


Calcium hydroxide 


24.6% j 


42.0% 


48.9% 



[0045] Application Example 4 

For 100 parts by weight of a cationic polymeric compound, "KRM-2410", 2 parts by weight of 
50% solution prepared by dissolving the thermocationic polymerization initiator shown in the 
aforementioned general formula (IE) in gamma-butylocactone, calcium compound, and 
magnesium compound or strontium compound, as a neutralizing agent, were added and kneading 
was performed by triple roll. Subsequently, 10 g of the above-mentioned mixture was poured 
into an aluminum cup, and curing was done in an oven at a temperature of 130°C for 30 minutes. 
The cured state is shown in Table IV below. As shown in Table IV, a reduction in 
thermocurable performance was absent as a result of mixing with a calcium compound, 
magnesium compound, and strontium compound. 
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[0046] 

[Table IV] 



Number 


Alkaline earth metal compound 


Amount of alkaline earth 
metal compound added 


Curing state 


1 


None 


- 


Curing achieved 


2 


Calcium carbonate 


1.26 parts by weight 


Curing achieved as in 1 


3 


Calcium carbonate 


2.52 parts by weight 


Curing achieved as in 1 


4 


Calcium citrate 


2.39 parts by weight 


Curing achieved as in 1 


5 


Calcium citrate 


4.78 parts by weight 


Curing achieved as in 1 


6 


Calcium phosphate 


1.30 parts by weight 


Curing achieved as in 1 


7 


Calcium phosphate 


2.60 parts by weight 


Curing achieved as in 1 


8 


Calcium silicate 


1.46 parts by weight 


Curing achieved as in 1 


9 


Calcium silicate 


2.92 parts by weight 


Curing achieved as in 1 


10 


Calcium sodium alginate 


2.50 parts by weight 


Curing achieved as in 1 


11 


Calcium thioglycolate 


2.32 parts by weight 


Curing achieved as in 1 


12 


Calcium hydroxide 


0.93 parts by weight 


Curing achieved as in 1 


13 


Magnesium carbonate 


1.22 parts by weight 


Curing achieved as in 1 


14 


Magnesium carbonate 


2.44 parts by weight 


Curing achieved as in 1 


15 


Magnesium hydrogen phosphate 


2.19 parts by weight 


Curing achieved as in 1 


16 


Magnesium hydrogen phosphate 


4.38 parts by weight 


Curing achieved as in 1 


17 


Magnesium oxide 


0.51 parts by weight 


Curing achieved as in 1 


18 


Magnesium oxide 


1.01 parts by weight 


Curing achieved as in 1 


19 


Magnesium hydroxide 


0.74 parts by weight 


Curing achieved as in 1 


20 


Strontium carbonate 


1.86 parts by weight 


Curing achieved as in 1 


21 


Strontium carbonate 


3.71 parts by weight 


Curing achieved as in 1 j 



[0047] Application Example 5 



The cured material produced in the thermocuring test of Application Example 4 was pulverized 
and extraction was done under reflux conditions for 18 hours with 50 ml of distilled water. 
Separation of the solid material from the solution was done to yield a total of 100 ml of solution. 
The conditions used and the results obtained are shown in Table V below. As shown in Table 
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V, in a cured material mixed with a calcium compound, magnesium compound, or strontium 
compound, a reduction in pH is avoided based on trapping of the cation and an increase in the 



concentration of free fluoride ion was prevented. 
[0048] 

[Table V] 



No. of 
inerrnaiiy 
cured 
material 


Amount of thermal curing 

lllalcMdl UocU 


PH 


Fluoride ion 

rrmrontration 


A 
1 


a.urg 


i nn 


OA CZA nnm 

jU.o** ppm 


2 


9.39g 


7.20 


2.39 ppm 


4 


9.13g 


4.65 


4.22 ppm 


6 


9.29g 


3.40 


12.44 ppm 


8 


9.35g 


6.33 


6.43 ppm 


12 


9.55g 


10.12 


0.69 ppm 


13 


9.64g 


6.45 


1.01 ppm 


15 


9.52g 


3.25 


20.29 ppm 


17 


9.50g 


5.09 


0.44 ppm 


19 


9.53g 


6.22 


2.12 ppm 


20 


9.49g 


6.07 


0.47 ppm 



[0049] 

[Effect of the invention] Curing in a short time is made possible by heat or light when the curable 
resin composition of the present invention is used and the cured material exhibits excellent 
properties, and the effect of the ions remaining in the cationic polymeric curable material can be 
reduced; thus, the composition can be used effectively for molding resins, injection resins, paints, 
adhesives, sealing agents, inks, etc. 
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[0023] +ftffHt£%fc LX . **W(CliJaT<Ofl: 



*i">A, Haw**"**. 

A. *-4gr?;/*^A. >jyI?-?y*i"7A, «jy& 

v^Ayxy^xT-fer-h. v^y^AT-bW 
■fer-K ■?$'*>"7A2-xf-ju7?-p-K vy* 

[ 0 0 2 4 ] a/US">.Mfc£fti: LTti. *KMk 
i])Ws*7h>, WLtofrl/*?^ 9&ch1M/*JJ** ?xy 
KXr/Ui/^A. r^3;ut'yK^;Wx^A s *r4WuV 
i">A. 'J yigtfH^A. 'J yffi*SSi#^i"^ 7- 

rot-jfyl^/lo^A. ?LBW/I'X'7A. f-tf/ya 
-;pK^^>"^a» T)i*?y&t))\'y*7J±. 7>v*?yW. 
^/Px^A^hU^A, y;i/3yK^/U^9A, *7N'y 
TyWnvi/*?J*. y-ff-y. ^/Wv-^ajj-^-^^- 

^/Px^A^'yhr-h, tDV^Jxrv-tufrA 
yx-h. ,-jfi;^;u>"!7Ay^y uu-h. tDVy+j-L 

k ^x'>A3-yf-^-2-^^yy^U'-hs 

;^<>A4-^f-^-2-*JfyAVU-h. 

[002 5] *LT*fc, Xhoyf-^Aft^ftt LT 
(i. SlxhnyfW. f-^y®?y. hnyf-^A, p 
Kxhoyf-^A, l®o&xhnyj-V&. *m\LX 

*j i>m*iam* z t tfx-% h . 
[0026] iiitr^ v±mmt^xit^ix^ 
w&kmmmikiimftx'% h*<m<wc&tok ix. 

x. y y;p s ft, WS-^A. ^''J^a. y^A, 
^y^y, -feU^A. -9-vu^a. x;i^ 
fcV/A. vy^'y (ID . At^A (Hi) . t'jr 
r'y (ill) . & (in) . t'y.v^ (in) &fcV)Tie 

^nr^i.'f^yh^-xy^i (MitfJKs^sasw)^ 
?*m) zmm-t&zthX'Zh. 
[0027] *mv>fflm®fem.mzm2tih* 
ttyn&m&wt. -mzf&htix^hAttyn 
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[00 28] (a) t'-iWt&fabLX . a 

-y^x-f-u-y, P -y Fdfyx^-yy, p-t-y 

f/k n-^/Ph'-^x— f/k x^-;H:'x/l,x-f 
;k yy^Ufx^x-r/l', i^o'v* y/Wt'x/l, 
x— -f/k 2-;noxf;i't'^x-f^. 2-7x 
yjfyx^t'x/ux-7Vk 2-t Fo*yxf-/H:* 
x/UX— f;k 4 - 1 F adf y7>/H:'x/ki:-T/k 
^f7'J;l't'-/H-fil'. 2-7* F^vXf-zl't'x 
;UX-T;l^7;l^/Ut*x/Ux-fvUft-^ 7 'J /I/ 
t'x/l/X~f/k 2-y ?y UcM/M-^-yx^/Hix 
;UX-f/k 2-7? 'J o-f /UjJ-df vxf-;uf x;l^x- 
-f/Hf cWl'TX/Ut.'xyUx— r'MtS-ft. 7 x x;Ut' 
x/UX-r/k p-y h4rx7xx/wh'x;l/x-x^ 
cor D -;Wt'x/ux-rMfc;'£#5, N - t'xyMr/l'/*/ 
-/k N-t-^tPUHytPw^f-jJ-s^S^ttaJB* 
3rtfc£tt. /?y^-*yh'^i,x-fyk F'Jx^- 
yyy y 3-;^t-^x-f;P, y^o-M-fryy** 
-/i/^'t'x/kt-r/k l. 4— ^.y-tfv^^y-yw 
y'tx^x-- f/k >M Fn*yyy*t;x/i,x-T/k 
V/U / -/I/ y* t'x/ux- x/^W^ffig t'x/Mk& 

[00293 (b) x#*iste&hb L/C, 7*-)V? 
>J isi?)VX.-T /k p - t e r t -7*fyk7xX/|^y 
yy>x~f/k 7>/kyyyy>x-r/k 2-x^- 
)V*<*i/A>7y yy'/WX— fvk yy'/Px- 
r/k 1. 2-7*f-yy**lM F\ l. 3-79 
y*y**lMF\ 1, 2-Hf>'V^WH,x 

WpotK'jy. l, 2-x^vr*y, xf-i^y 
jf^lM F, rafuy^Jf^ F\ Afi/y^t-f 
F, y^o^-ty^iM F\ 3-y?y 'Ju'f/M- 
^yyf^yya^f-iryji-^-'M F\ 3-7?l>o-f 
/I/** yyf^y 7 a^Hr ytf=*-*M F\ 3-t'xyt, 
y?DA.df.fey^dr^ K^cO^tlgOty?-. 1. 
l, 3-TF7T#y*xyy*jj-:>MM F\ 'Jt^yy^ 
JflH F\ 3, 4-x# , afyy?o'\Jfy;Mf-;i'- 
(3, 4-x^yy?a^^fy^) tfykK^yu— 
k y'(3. 4-x,-K4ryy?D^y;w) TyX- 
f, a7jy-Mii^y«. t'^7xy-/i/ 

FMx^fdfy^fll, o-, m-, p-9W-lVJi!& 
•y?SX--K^y©i§. 7x7-;P/^7-y?Sx,-Kdf^ 

tns. &m7tV3-)\,<nxv?vi' i Jn>x-TiV$<n$> 

[0030] ( c ) \Zi/?a*)l>VXXT>Ufc&fab L 
t. 1 -7xX/U-4-Xf-;U-2, 6, 7-F'J:** 
-tt'y?o[2, 2. 2)^-y?y. l-x^-4- 
t Fo*yy^-/t/-2, 6, 7-Fy**1ft'y?a 

C2. 2. 2}*?9y J m<n\kgmtfmihKh. 

[003 1] ( d ) Xtntf/ky h-ftefti: 
L/C. 1. 5. 7, 1 1-f-FWMfXtn C5. 



5D^yr»y. 3. 9-yXyy>-l, 5, 7, 1 
l-rF^^MfXtro C5. 5)-!?yf^y, 1. 
4, 6-Fytf^Mfxen [4, 4]y7y, 2-y^- 

)V-\. 4. 6-F'j7Mf9-xeo C4. 4 ) y^y. 

1. 4. 6-F'J**1f-Xto C4, 5Dr^y^t 
[0032] (e) *4H:*y<ffc£!fti:LT, 3, 3- 

yy^jt-df-fe^y. 3, 3-t'x(?DD^f^)^ 
*-fc?y. 2-t Fo*yyfyM-*-fe?y. 3-y^ 
^-3-^-df-fe^yy ?y-/k 3-yf-/i"-3-y F 
^yy-f/M-3-t^y. 3-1^-3-71^^ 
f-/M-*-fe?y. L/y*;Wyy-/i/b*x (3-yf-/k-3 
-^■te^x/l/X^/k x-r/k m-^yyyyt'y. 
(3-x^-3-3f^-fe?xyUx^x— r;U) 3*0 
ft^Wif^S. iftfeli. mi*tL<«±2 

[0033] immmmm^mm&zmhiiTr* 
y&mm. *m\\\&tom-h ym^t^ 

fi^ttfc^ft 1 0 0 hw l, >&mm 

0. 0 l~20fiS$. M£L<U0. 1-10M3B 
•CJ>0. ^co^f-Tfya^Mft&S'JftA^^fc. a** 

ymi&it^nmmf&T l . 3§fj-c-$> & t aft* 

«flHHfc^HiO. 1~50««SS, ff*L<«0. 5-2 

[0034] *wm*^*y^mm&.mzi5Wh 

fiic#L. ffi«. Sfi*^2 3 0°CT$>S*\ »*t<ti 
7 0'C~1 8 0XlX'h&. 

I o o 3 5 ] *^Bjco*^-^ya^»«ffl^tt(c 
fe(tl,*^yM^^JfcLT, 3b&f-*yS^B«ft 

SE«T, )BKE*««r. Yyy 
7*. ?-byy5y7°, ^-^y7-y*W* J fflv^fL 

^fltl^— f-, 7/P^yU— tf-s He- 
CdU— f-^U— »f— 3t«S>«18. /8tS. r!§L +11 

xms. aDa^iss^«j: o Kmmimmz^x 

zbtfx-th. 

[0036] *«BB(c*^S«fl;ttffll§a«ft^ttt 
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to i-? -Ri/xv z^mm 
;-?-tLx\i.. m®*? : B> , gt&<r>79 0\'~h*?x9 

?'JU-h*/v-^£\ yi>li)Vm%'&.**)-l-?-t 

K X0^Xt>V79 0\'-Y, tf-'Jxxr/M??'; 
u-K #Dx~f;l/r?y U-K ^'Jx-f/M? 

/k tfU^y, x.X*ism<r>&T7>)V-h. &*99 

y nt^*. *maxv ^xy-mzimth z t 

x. 7?v ji>®. r^'jyusxf-^or^'j^xx 
j -7- . ^ 9 9 y >vm . * 9 9 y /H?> y-ivmff) 
*99 0)\s&x.Xt-)1*j-?-. xT-uymtm^-fh 

ZttfXZh. 
[0037] 

li. /j^ym-^mt^tLX. ucc&iiBitifiiU 
^Wb^ ruVR-6 1 1 0 j ^MWltlM&M^ 
X7x/-;UAax^Wb^%l TKRM-2 4 1 0j 



ya^SSf] r u V I - 6 9 9 0 j Sr. ^f-*ya£ 

mmt lxtjH < in ) ^^ixs^^s-e^m 

*^A£OOTtifiM£0.0 5jum<0i><7>. ^K^h 
oy^AKovvaiftSl 0/imOtOSrtefflU:. 

[0038] 

Hfc7] 

CH, 

O-i-CO 

it cm) 

[003 9] HigtfU 

tt^tymsmt-gy® ruvR-6 1 1 oj 100a* 
mz. Ktittyn&mm r u v i - 6 9 9 o j 4a 
mt*mHk&®>t Lxm^m-^^m^t. = 

- I R ( MAGNA 7 6 0 ) 4 9 5 mw/c m 2 

( U VH^Jff&OMiS^ ) £3* 1 & 1 frhhfrh 

[0040] 
[*1] 





2 


1 0#f£tf>&£*£ 


3 0#&<7)£/£^ 




3 0.7% 


4 8.0% 


5 8.7% 


l 


3 0.4% 


4 7.4% 


5 8.2% 


2figSi5 


3 0.4% 


4 8.1% 


5 8.9% 


5 ESSi 


3 0.7% 


4 9.0% 


5 9.2% 


1 0 


3 1.1% 


4 8.5% 


5 8.5% 



[004 i] mmm2 

tiy-tym-S&it&to TUVR-6 1 1 0 j 10 0] 

mz^^ym^mm\ ruvi-6990j4i 
Mk^mut-smtixm'??*^^ mtiy* 

Y-ayy-OA-ZZ* 2tt4gBffi£U 
T-IR (MAGNA7 6 0 ) «2 0mw/cm! 



<7>*.&yyTZffi%L. 07)19^^X7 9 0cm- HI 
fc(tl.x^i/c7)iSlRcO®^S5:a!lSL^. 
(VVmfflk<?>%.im) £^2£*V?\ £12 
S «t 3 fc: . #*«S"Hl:£ftA<E£ § ft*: - 1 J: 6 X® 

[0042] 
[f*2] 





2f^^(0Sl£;^ 


1 0®&<DKfcm 


3 0&'&0)8.fo& 




2 7.1% 


4 6.4% 


5 5.9% 




2 6.3% 


4 5.7% 


5 5.2% 




2 6.7% 


4 4.9% 


5 5.6% 




2 6.7% 


4 7.0% 


5 6.9% 



[0043] mmM3 3t*^>-a^^i r UVI-6 9 90j k<¥ 

ty-tymsmt-sm i"uvr-6 i i o j i ooma wvt^ttxrt^ymii^^^i'vo^^ t 
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a-Jl&tHUis^A.^ J^sYT>&fii\'i'*;l*X 

(MAGNA76 0) Vffl&4 9 5 mw/c m 2 C97k^ 
7>-7"££y?!U 90 cm-i{Cfc»tS 



[0044 ] 
[fS3] 



7** u±«*ft£* 


2U>&0£;£;^ 


1 0®&<D&fo$L 


3 0&'&<D&fcm 




2 5.1% 


4 2.7% 


5 0.0% ! 


7)v*>mfi)i>>"y a* h g £a 


2 4.8% 


4 1.9% 


4 9.1% 




2 4.7% 


4 1.9% 


4 8.6% 




2 4.6% 


4 2.1% 


4 8.2% 


*®{tvy*^?A 


2 4.4% 


4 2.6% 


4 9.9% 


*®{t:;frJW>"}A 


2 4.6% 


4 2.0% 


4 8.9% 



[0045] HI 

JlttY&g&fc&to CKRM-24 1 0 j 10 01 

mz. finest <iid tzwzti&fkti**y&-&mmi 

&r-7my7b xemt U: 5 0 2 *mm fc 
tSK 0 Uc . Z mi&to 1 0 g £ 5 # v rtro 



•5,13 0*CT'3 QftWm*--7>\,Z\tlXWlC%*k 

[0046] 
[£4] 





7^* »J ±&Jfi{kS& 


7;i>* u t.mibGtommm 




1 






« it 


2 


ftfc;fr;i^£A 


1 . 2 611^ 


1 <tf3#£®{l: 


3 


^^Jl/vCA 


2.5 2£gg& 


l tmmizmit 


4 


£X>®#^>C? A 


2.3 9^a«fB 


l twmizmt 


5 


*X>$#;i^*A 


4 . 7 81W 


i tfsitSfcfEffc 


6 


U >&rt;l^£ A 


1 . 3 OlfiiS 


i tmmizmt 


7 


u >®*/;i/>"}A 


2. 6 oms$ 


1 tFJftlclgtt: 


8 




1 . 4 6&S$ 


i ±w&\zm(£ 


9 


4--f&*7^>">A 


2. 9 2 mass 


l chffi&tciBBfl; 


1 0 


7^#>&*;1/'>*A}- h 'J Oh 


2. 5 OS&ffi 


l iisf^tc:®^; 


1 1 




2. 3 2 MS® 


1 fcHttKSgfc 


1 2 


*MfcX)\<>>? A 


0.9 3S&95 


l 


1 3 




1. 2 2ffifi$ 


i £Htte«fc 


1 4 


^ifvy^x^ A 


2.4 4mS2i5 


l fcHttKttfc 


1 5 


•J >$E*3fsvy*:>»}A 


2. 1 9l§g 


l tl^ttCflMfc 


1 6 




4. 3 8&&$ 


i tm®\zm<t 


1 7 




0.5 1 


i tratficEHt 


1 8 


A 


1.01 fiflts 


1 tH»fc«ft 


1 9 


7KBHbv>/*x*A 


0. 7 4£fiffi 


1 £l*l®ic®fl; 


2 0 




1 . 8 61£i 


i iHttcafls 


2 1 




3.7 1 Ififfi 


l iffi&lc&ft: 



[004 7] 0tJfe0«5 

5 0m ltf«|S*S:fflv«SrF18^NattaiLfc. 
ttKfr6BBMkfcftM U LT 10 0m 



[0048] 
[H5] 
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PH 


7 vm^-*>m& 


i 


9. 0 7 g 


3.00 


3 0. 6 4 p pm 


2 


9. 3 9 g 


7.20 


2. 3 9 p pm 


4 


9. 1 3 g 


4.65 


4. 2 2 p pm 


6 


9. 2 9 g 


3.40 


1 2 . 4 4 p p m 


8 


9. 3 5 g 


6.33 


6 . 4 3 p p m 


1 2 


9. 5 5 g 


10.12 


0 . 6 9 p p m 


1 3 


9. 6 4 g 


6.45 


l.Olppm 


1 5 


9 . 5 2 g 


3.25 


2 0 . 2 9 p pm 


1 7 


9 . 5 0 g 


5.09 


0 . 4 4 p p m 


1 9 


9. 5 3 g 


6.22 


2 . 1 2 p p m 


2 0 


9 . 4 9 g 


6.07 


0 . 4 7 p p m 



t?mfctfw&b&btix^t:f&m®!!$. aim. m 



[0049] 



(72)»BM ft 

1 1 S!ftTfJj!lTp5:#li?1^12-54 B*Wii 

a2mm mm 



F?-A(##) 4J005 M03 AA04 AA07 BB02 

4J015 EA08 EA10 

4J031 CB05 CB06 

4J036 AD08 AF06 AF08 AJ01 AJ03 
AJ08 AJ09 AJ10 FA02 FA10 
GA02 GA03 GA21 GA22 GA23 
GA24 HA01 HA02 HA03 JA01 
JA06 JA07 



